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1
Introduction
During the RAN #66 meeting a new Work Item was approved to develop radiated requirements for the verification of multi-antenna reception performance of UEs [1]  This WI intends to capture the associated MIMO OTA requirements in TS 37.144 [2] which is the container for all UE and MS over the air performance requirements.  All aspects associated with measurement procedures and other definitions are contained in TR 37.977 [3].
The harmonization testing activity, undertaken during the summer of 2015, has completed, and the entire data set has been submitted in [4].  A number of analyses were submitted and discussed during the RAN4 #76 meeting in [5], [6], [7], [8], and [9].

In this paper further analysis of the harmonization data is presented to evaluate the test case proposal in [11] and to derive the hybrid composite bound [10] from the measured ADTF data explicitly.
2
Discussion

2.1
Overview

The motivation to provide further harmonization analysis in this paper lies in the need to evaluate the test case definition proposed in [11].  Prior analysis in [5] contains options that are similar to the ones of interest, but further elaboration was found to be needed.  Prior analyses in [6], [7], and [8] contributed to the full analysis in [9], which resulted in an agreed CR to TR 37.977 [12] that captured a number of harmonization options in Clause 10.3.5.  This paper improves the analysis in [9] across the following aspects:

· Results from RC and RC+CE methodologies were taken from the runs with higher subframes (2000 SF per stirring state and power level) rather than the ones with 400 SF.  This removes the impact of additional measurement uncertainty on the harmonization outcome.
· Two new harmonization options are introduced.
All calculations associated with the analysis in this paper are collected in the spreadsheet attached to this contribution.  In the interest of time, this analysis is focused on the FDD Bands 13 and 7.

The spreadsheet is organized as follows:

· The tabs labelled “MPAC ADTF” and “RC+CE ADTF” contain the measured data and analysis of the ADTF results from MPAC and RC+CE measurements, respectively

· The tabs labelled “RC,” “RC+CE,” “MPAC,” and “RTS” contain the figures of merit calculated from the respective methodologies

· The tabs labelled “Harmonization Opt1,” “Harmonization Opt2,” and “Harmonization Opt3” contain the calculations associated with three potential harmonization options
2.2
Hybrid composite bound
The hybrid composite bound [10] is defined by two terms: accuracy and repeatability.  Accuracy is defined as:
The lab adopted to run all harmonization measurements, shall provide data on ADTF [3]

adopting at least one DUT in band 7,band 13 and B41 in RC, RC+CE, two-stage (radiated) and MPAC

test methodologies. The difference between ADTF conducted and OTA measurements shall be no

higher than observed for B13 in the previous WI for the criteria B to determine test methodology

validation. The ADTF outage should be defined over the larger variation between conducted and OTA

value over 70% maximum data throughput
Repeatability is defined as:

Once ADTF is performed and the lab demonstrated that the conducted results are

properly emulated in OTA environment, the lab must perform OTA repeatability in each band (FDD 7,

13, TDD 41) to assess the lab repeatability (suggested 5 OTA measurements in RC, RC+CE, MPAC

and 2-stage-radiated,. Between each repeatability measurement the MIMO OTA system shall be

completely shut down and the EUT repositioned. The repeatability shall be lower than it was observed

for B13 in the previous WI and the repeatability outage should be defined over the larger variation

between conducted and OTA value over 70% maximum data throughput
The two ADTF tabs in the attached spreadsheet contain all analysis steps for both of these quantities for MPAC and RC+CE methodologies.  We observe that the repeatability of the conducted results, where available, was within 0.2 dB [17].  A single measurement run from the conducted results associated with each methodology-band-model combination was used in all of the HCB calculations.  All accuracy and repeatability metrics have been calculated at the 70% outage point.
The largest HCB for MPAC occurs for the Band 13 SCMe UMi combination and is shown in Figure 1 below.
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Figure 1: MPAC Band 13 SCMe UMi HCB results

The largest HCB for RC+CE occurs for the Band 7 SDLC combination and is shown in Figure 2 below.
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Figure 2: RC+CE Band 7 SDLC HCB results

Observation 1: The accuracy term in all MPAC ADTF results is at most 0.4 dB and is aligned with the expectations from Clauses 9 and 10 in TR 37.977 [3].
Observation 2: The repeatability term in all MPAC ADTF OTA results ranges from 0.6 to 1.2 dB with a median of 0.9 dB.  A lower value is expected; e.g. 0.058 dB has been provided in [12].  Further clarification on this result is requested.
Observation 3: The accuracy term in all RC+CE ADTF results ranges from 2.0 to 3.6 dB with a median of 2.7 dB.  This is aligned with the ~2 dB gap between conducted and radiated ADTF results in [3] (see Figures 10.2.3-7 and 10.2.3-11 in [3]).  However, a bias in the accuracy of a methodology to the tune of 2 dB is expected to be well understood and reflected in the measurement uncertainty budget.
Observation 4: The repeatability term in all RC+CE ADTF results ranges from 0.5 to 0.8 dB with a median of 0.6 dB.
Table 1 below summarizes the HCB analysis.

Table 1: Hybrid composite bound summary

	Band
	MPAC
	RC+CE
	Worst Case

	13
	1.5
	2.9
	2.9

	7
	1.4
	4.1
	4.1


Observation 5: The HCB for both bands is much higher than anticipated at the start of the harmonization testing campaign.  As a result, the bound has little impact on the evaluation of harmonization options.  However, the analysis of the ADTF results has provided some insights into the methodologies’ MU budgets.
2.3
Harmonization parameters

Eight harmonization options are considered and are summarized in Table 2 below.
Table 2: Summary of harmonization options analysed in this paper
	Parameter
	Value

	Max TPT per measured curve assumption
	Maximum expected per MCS

	Throughput outage value
	[70%]

	Outage point search method
	First intersect search high TPT to low

	Averaging method across outage points
	Linear across mW (Opt. 1-4)
Inverse of avg of inverse mW values (Opt. 5-8) 

	RC/RC+CE FoM
	avg. across outage points (see labels)

	DUT positions in MPAC (Option 1)
	P 45 and L 45 (separate test cases)

	DUT positions in MPAC (Option 2)
	Avg across P 45 and L 45 (single test case)

	DUT positions in MPAC (Option 3)
	Avg {P 45, L 45, P 90} (single test case)

	DUT positions in MPAC (Option 4)
	Avg across all 8 pos. (single test case)

	DUT positions in MPAC (Option 5)
	P 45 and L 45 (separate test cases)

	DUT positions in MPAC (Option 6)
	Avg across P 45 and L 45 (single test case)

	DUT positions in MPAC (Option 7)
	Avg {P 45, L 45, P 90} (single test case)

	DUT positions in MPAC (Option 8)
	Avg across all 8 pos. (single test case)


For reference, Options 4 and 8 in Table 2 above can be mapped to the existing Options 17 and 1 in Table 10.3.5-2 of TR 37.977, respectively (if only RC+CE, MPAC, and RTS were considered).  Options 1 and 2 are newly proposed for consideration; Options 5 through 7 are listed for discussion purposes only.
2.4
Analysis
As described in [11], a single MIMO OTA test case per usage mode of the DUT is captured in Harmonization Option 1.  For this option the analysis steps per band are as follows:
1. Select the SCMe UMa model for MPAC and RTS, the NIST model for RC, and the HCLD model for RC+CE:

a. Select the “Portrait 45” DUT position for MPAC and RTS and collect the FoM results per DUT in a table

b. Select the “Landscape 45” DUT position for MPAC and RTS and collect the FoM results per DUT in a table

2. Select the SCMe UMi model for MPAC and RTS, the NIST model for RC, and the LCSD model for RC+CE:

a. Select the “Portrait 45” DUT position for MPAC and RTS and collect the FoM results per DUT in a table

b. Select the “Landscape 45” DUT position for MPAC and RTS and collect the FoM results per DUT in a table

3. Select the best fitting offsets for RC/MPAC, RC+CE/MPAC, and RTS/MPAC combinations
4. Record the residual error associated with the selected offsets

Supposing that it is found useful to calculate an average across MIMO OTA results per usage modes, a single test case can be defined.  The analysis steps for Option 2 are as follows:

1. Select the SCMe UMa model for MPAC and RTS, the NIST model for RC, and the HCLD model for RC+CE:

a. Select the “Portrait 45” and “Landscape 45” DUT positions for MPAC and RTS and collect the average FoM results per DUT in a table

2. Select the SCMe UMi model for MPAC and RTS, the NIST model for RC, and the LCSD model for RC+CE:

a. Select the “Portrait 45” and “Landscape 45” DUT positions for MPAC and RTS and collect the average FoM results per DUT in a table

3. Select the best fitting offsets for RC/MPAC, RC+CE/MPAC, and RTS/MPAC combinations

4. Record the residual error associated with the selected offsets

To align this analysis with [9], an option that averages the MPAC results across all 8 measured DUT positions is Option 4:

1. Select the SCMe UMa model for MPAC and RTS, the NIST model for RC, and the HCLD model for RC+CE:

a. Select all measured DUT positions for MPAC and RTS and collect the average FoM results per DUT in a table

2. Select the SCMe UMi model for MPAC and RTS, the NIST model for RC, and the LCSD model for RC+CE:

a. Select all measured DUT positions for MPAC and RTS and collect the average FoM results per DUT in a table

3. Select the best fitting offsets for RC/MPAC, RC+CE/MPAC, and RTS/MPAC combinations

4. Record the residual error associated with the selected offsets

Analysis for the rest of the options follows similar steps according to the parameters listed in Table 2.

Table 3 below summarizes the harmonization results.

Table 3: Proposed harmonization options

	
	 
	RC/MPAC
	RC+CE/MPAC
	RTS/MPAC
	All methods

	Opt.
	Band
	Offsets
	Error
at 70%
	Error
at 95%
	Offsets
	Error
at 70%
	Error
at 95%
	Offsets
	Error
at 70%
	Error
at 95%
	Error
at 70%
	Error
at 95%

	1
	13
	5.0
	3.7
	6.1
	-0.4
	1.1
	1.4
	0.4
	0.6
	0.6
	3.7
	6.1

	
	7
	7.9
	3.7
	5.3
	2.0
	2.5
	2.9
	-0.8
	2.3
	2.1
	3.7
	5.3

	2
	13
	4.9
	3.4
	5.6
	-0.1
	0.4
	0.6
	0.5
	0.4
	0.5
	3.4
	5.6

	
	7
	7.7
	3.3
	5.0
	2.5
	1.3
	1.7
	-0.3
	1.2
	1.1
	3.3
	5.0

	3
	13
	6.1
	4.1
	6.0
	1.2
	0.9
	1.0
	0.9
	0.7
	0.9
	4.1
	6.0

	
	7
	8.2
	3.3
	4.9
	3.7
	0.7
	1.0
	0.2
	0.7
	0.6
	3.3
	4.9

	4
	13
	6.1
	4.1
	11.1
	1.8
	1.4
	5.9
	0.6
	0.6
	1.3
	4.1
	11.1

	
	7
	8.2
	3.2
	5.0
	3.4
	0.6
	1.1
	0.0
	0.3
	1.4
	3.2
	5.0

	5
	13
	6.2
	3.6
	6.0
	0.1
	1.2
	1.7
	0.4
	0.5
	0.5
	3.6
	6.0

	
	7
	8.8
	3.8
	5.6
	2.3
	2.6
	2.9
	-0.9
	2.3
	2.3
	3.8
	5.6

	6
	13
	9.6
	2.1
	1.8
	0.1
	0.7
	1.0
	0.4
	0.4
	0.5
	2.1
	1.8

	
	7
	11.4
	2.4
	2.4
	2.5
	1.5
	1.9
	-0.7
	1.4
	1.2
	2.4
	2.4

	7
	13
	10.9
	2.8
	1.5
	1.2
	0.8
	0.8
	0.5
	0.6
	0.7
	2.8
	1.5

	
	7
	12.4
	2.4
	1.7
	2.7
	0.8
	1.2
	-0.4
	1.1
	1.1
	2.4
	1.7

	8
	13
	10.8
	2.8
	1.1
	1.0
	1.0
	0.5
	0.5
	0.2
	0.3
	2.8
	1.1

	
	7
	13.3
	2.3
	0.9
	3.1
	0.6
	1.1
	-0.3
	0.6
	0.5
	2.3
	1.1


Observation 6: The inclusion of the RC methodology (with the NIST channel model) violates the HCB for Band 13 in Options 1 through 5.
Observation 7: Considering just the RC+CE and MPAC comparison, the residual error associated with Option 1 is 1.1 dB and 2.5 dB for Bands 13 and 7, respectively.  The trend in these residuals with frequency mirrors the ADTF accuracy results for RC+CE observed in Clause 2.2 of this report and suggests that a bias in the RC+CE methodology’s accuracy may impact the potential harmonized method’s combined uncertainty budget.
Observation 8: The non-zero offsets and significant residual errors associated with the RTS methodology are unexpected, and further clarification of the data is requested.

Table 4: Options 1 and 17 from Table 10.3.5-2 in TR 37.977 [3]
	Opt.
	Band
	Methods
	Models
	Method param.
	FoM param.
(1)
	Fixed offsets
	HCB
	Max diff. after offsets (2)
	Max diff. <= HCB?
	Highest method MU (3)
	Add’l bias (4)
	Harmonized MU (5)

	
	
	
	
	
	
	
	
	r
	
	e
	b
	h

	1
	13,7
	MPAC

RTS

RC+CE
	MPAC: UMa,UMi

RTS: UMa,UMi

RC+CE: LDHC,SDLC
	MPAC: avg 8 orientations

RTS: avg 8 orientations

RC+CE: STEP SF=400 NS=120
	outage lvl: 70%

avg method: Inverse DL Pwr avg
	MPAC: B13 = 0 , B7 = 0 

RTS: B13 = 0 , B7 = 0 

RC+CE: B13 = -1.1dB, B7 = -3.7dB
	B13: 1.3dB

B7: 2.3dB
	B13: 0.8dB

B7: 0.8dB
	yes
	TBD
	TBD
	If ((r + m + b) < e), h = e
else

h = r + m + b

	17
	13,7
	MPAC

RTS

RC+CE
	MPAC: UMa,UMi

RTS: UMa,UMi

RC+CE: LDHC,SDLC
	MPAC: avg 8 orientations

RTS: avg 8 orientations

RC+CE: STEP SF=400 NS=120
	outage lvl: 70%

avg method: regular DL Pwr avg
	MPAC: B13 = 0 , B7 = 0 

RTS: B13 = 0 , B7 = 0 

RC+CE: B13 = -1.8dB, B7 = -3.3dB
	B13: 1.3dB

B7: 2.3dB
	TBD (7)
	TBD (7)
	TBD
	TBD
	If ((r + m + b) < e), h = e
else

h = r + m + b


Observation 9: Comparing the residual errors of Option 1 in this report with Option 1 in Table 10.3.5-2 in TR 37.977 [3], we can quantify the difference between harmonizing on a test case that maximizes the MIMO OTA test’s efficacy [11] vs. a test case that minimizes harmonization error.
Observation 10: As Table 3 shows, the error at the 95% throughput threshold is different than the error calculated at the 70% throughput threshold:  and is greater in nearly all cases for the RC+CE/MPAC comparisons.

Table 5: Potential impact on harmonized MU

	
	
	RC/MPAC
	RC+CE/MPAC
	RTS/MPAC
	All

	Opt.
	Band
	WC Error
	Harm.
MU
	WC
Error
	Harm.
MU
	WC
Error
	Harm.
MU
	Harm. MU

	1
	13
	6.1
	10.4
	1.4
	5.7
	0.6
	2.9
	10.4

	
	7
	5.3
	9.6
	2.9
	7.2
	2.3
	4.6
	9.6

	2
	13
	5.6
	9.9
	0.6
	4.9
	0.5
	2.8
	9.9

	
	7
	5.0
	9.3
	1.7
	6
	1.2
	3.5
	9.3

	3
	13
	6.0
	10.3
	1
	5.3
	0.9
	3.2
	10.3

	
	7
	4.9
	9.2
	1
	5.3
	0.7
	3
	9.2

	4
	13
	11.1
	15.4
	5.9
	10.2
	1.3
	3.6
	15.4

	
	7
	5.0
	9.3
	1.1
	5.4
	1.4
	3.7
	9.3

	5
	13
	6.0
	10.3
	1.7
	6
	0.5
	2.8
	10.3

	
	7
	5.6
	9.9
	2.9
	7.2
	2.3
	4.6
	9.9

	6
	13
	2.1
	6.4
	1
	5.3
	0.5
	2.8
	6.4

	
	7
	2.4
	6.7
	1.9
	6.2
	1.4
	3.7
	6.7

	7
	13
	2.8
	7.1
	0.8
	5.1
	0.7
	3
	7.1

	
	7
	2.4
	6.7
	1.2
	5.5
	1.1
	3.4
	6.7

	8
	13
	2.8
	7.1
	1
	5.3
	0.3
	2.6
	7.1

	
	7
	2.3
	6.6
	1.1
	5.4
	0.6
	2.9
	6.6


NOTE 1: assuming the SISO TRS MU of 2.3 dB for each methodology for this illustration
NOTE 2: assuming a bias term of 2.0 dB for the RC+CE and RC methods

Observation 11: As Table 5 shows, the potential impact on harmonized MU by each of the harmonization options is significant, where the harmonized MU across all methods is not below 6.4 dB for any of the options.  The actual impact on MU by any harmonization options should be calculated once the methodology-specific MU is finalized.
3
Conclusion

This contribution has provided further analysis of the ADTF data and the measured DUT data in support of three harmonization options.  Harmonization Option 1 in this report conforms to the MIMO OTA test case proposal in [11].  The following are the observations made based on this analysis:
Observation 1: The accuracy term in all MPAC ADTF results is at most 0.4 dB and is aligned with the expectations from Clauses 9 and 10 in TR 37.977 [3].

Observation 2: The repeatability term in all MPAC ADTF OTA results ranges from 0.6 to 1.2 dB with a median of 0.9 dB.  A lower value is expected; e.g. 0.058 dB has been provided in [12].  Further clarification on this result is requested.

Observation 3: The accuracy term in all RC+CE ADTF results ranges from 2.0 to 3.6 dB with a median of 2.7 dB.  This is aligned with the ~2 dB gap between conducted and radiated ADTF results in [3] (see Figures 10.2.3-7 and 10.2.3-11 in [3]).  However, a bias in the accuracy of a methodology to the tune of 2 dB is expected to be well understood and reflected in the measurement uncertainty budget.

Observation 4: The repeatability term in all RC+CE ADTF results ranges from 0.5 to 0.8 dB with a median of 0.6 dB.

Observation 5: The HCB for both bands is much higher than anticipated at the start of the harmonization testing campaign.  As a result, the bound has little impact on the evaluation of harmonization options.  However, the analysis of the ADTF results has provided some insights into the methodologies’ MU budgets.

Observation 6: The inclusion of the RC methodology (with the NIST channel model) violates the HCB for Band 13 in all three considered options.

Observation 7: Considering just the RC+CE and MPAC comparison, the residual errors associated with Option 1 are 1.1 dB and 2.5 dB for Bands 13 and 7, respectively.  The trend in these residuals with frequency mirrors the ADTF accuracy results for RC+CE observed in Clause 2.2 of this report and suggests that a bias in the RC+CE methodology’s accuracy may impact the potential harmonized method’s combined uncertainty budget.

Observation 8: The non-zero offsets and significant residual errors associated with the RTS methodology are unexpected, and further clarification of the data is requested.

Observation 9: Comparing the residual errors of Option 1 in this report with Option 1 in Table 10.3.5-2 in TR 37.977 [3], we can quantify the difference between harmonizing on a test case that maximizes the MIMO OTA test’s efficacy [11] vs. a test case that minimizes harmonization error.

Observation 10: As Table 3 shows, the error at the 95% throughput threshold is different than the error calculated at the 70% throughput threshold:  and is greater in nearly all cases for the RC+CE/MPAC comparisons.

Observation 11: As Table 5 shows, the potential impact on harmonized MU by each of the harmonization options is significant, where the harmonized MU across all methods is not below 6.4 dB for any of the options.  The actual impact on MU by any harmonization options should be calculated once the methodology-specific MU is finalized.

4
References
[1] RP-142221, “New WI proposal: Radiated requirements for the verification of multi-antenna reception performance of UEs,” Intel Corporation, 3GPP RAN #66, December 2014
[2] R4-141995, TS 37.144, V0.1.0, “UE and MS over the air performance requirements,” 3GPP RAN4#70, April 2014

[3] TR 37.977, V13.1.0, “Verification of radiated multi-antenna reception performance of UEs,” 3GPP, September 2014

[4] R4-155322, “MIMO OTA harmonization campaign test results,” CATR, 3GPP RAN4 #76, August 2015

[5] R4-154127, “Analysis of harmonization test results,” Intel Corporation, 3GPP RAN4 #76, August 2015

[6] R4-155340, “Analysis of ADTF results,” Keysight Technologies UK Ltd., 3GPP RAN4 #76, August 2015

[7] R4-154954, “MIMO OTA Testing Campaign Phase 3: RC and RC+CE Results,” CTTC, Bluetest, 3GPP RAN4 #76, August 2015

[8] R4-155341, “Analysis of two-stage vs. multi-probe results,” Keysight Technologies UK Ltd, 3GPP RAN4 #76, August 2015

[9] R4-155339, “MIMO OTA harmonization campaign analysis,” Rohde & Schwarz, 3GPP RAN4 #76, August 2015

[10] R4-153766, “A hybrid approach determining the measurement uncertainty bounds for the harmonization measurement campaign,” Motorola Mobility, Spirent Communications, Intel Corporation, Rohde & Schwarz, CATR, MVG, Anite, SGS, 3GPP RAN4 #75, May 2015

[11] R4-155591, “On MIMO OTA test case definitions,” Intel Corporation, 3GPP RAN4 #76bis, September 2015

[12] R4-155432, “CR to 37.977 on harmonization outcome,” Intel Corporation, SGS Wireless, Spirent, RAN4 #76, August 2015

[13] R4-154200, “Measurement Uncertainty Budget for MIMO OTA TM3 testing – MVG’s MPAC solution,” MVG Industries, 3GPP RAN4 #76, August 2015

[14] R4-152695, “Survey on User Interaction for Data Throughput,” Anite Telecoms Ltd., 3GPP RAN4 #75, May 2015
[15] R4-154125, “Way Forward on the MU bound for harmonization,” Intel Corporation, 3GPP RAN4 #76, August 2015

[16] R4-155431, “MIMO OTA Way Forward,” Intel Corporation, Keysight, SGS Wireless, Spirent, Bluetest, CTTC, R&S, NTT DOCOMO, 3GPP RAN4 #76, August 2015

[17] R4-156461, “Updated MPAC ADTF Repeatability Data,” Spirent Communications, CATR, 3GPP RAN4 #76bis, September 2015


Page 9

